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ICRISAT Research and Human Nuttltton* 
N. S. Jodha 
Th is  paper h i g h l i g h t s  the n u t r i t i o n a l  aspects and Imp l i ca t ions  of 
research done by the I n t e r n a t i o n a l  Crops Research I n s t i t u t e  f o r  t h r  
Semi - A r i d  Tropics (ICRISAT). The research act !  v i  t i c s  of  ICRISAT t h a t  
have t o  do w l t h  n u t r t t l o n  can de grouped i n  two ca tegor ies :  
1. Those d l  r e c t e d  toward understanding and documentation o f  the 
n u t r i t i o n a l  s t a t u s  of people, f a c t o r s  tha t  a f f e c t  n u t r l t i o n  s t a -  
tus.  and the d e s i r a b l e  components o f  technologtes f o r  a d d r r r r i n y  
n u t r i t i o n  problems. 
2. Those designed t o  a f f e c t  the  determinsnts of  human n u t r t t i o n .  
The f i r s t  category i s  l a r g e l y  r e f l e c t e d  i n  the work of r o c l a l  
s c i e n t i s t s  and b iochemists ,  who h i g h l i g h t  the n u t r i t i o n a l  problems dnd 
analyze the d e t e n l n a n t s  o f  n u t r l t i o n  t o  he lp  de f ine  and p lan  research 
p n l i c i e s .  Rtochemists analyze t h e  n u t r i e n t  components o f  var ious 
crops and c c l l t i v a r s ,  thereby a s s l s t t n g  p l a n t  br rederc i n  t h r  s ~ l e c t t o n  
and i n c o r p o r a t i o n  o f  va luab le  crop c h a r a c t e r i s t t r s  and i n  understnnd- 
i n q  the  n u t r i t i o n a l  q u a l i t y  of the  newly developed r a t e r i a l .  
The a c t i v i t i e s  I n  the second category inc lude  research by agro- 
b i o l o g i c a l  and phys ica l  s c i e n t t s t s  t h a t  i s  d i r e c t e d  toward ~levelopmcnt 
o f  crop-centered and r e s o u r c e - c e n t e r ~ d  t e c h n o l o g t ~ s  f o r  s ~ m t , $ r i d  t r o p -  
t  ca l  areas-- technologies t h a t  wt 1  l u l t i m a t e l y  i n f l uence  the quantt t y ,  
qua1 i t y  , and composi t i o n  o f  food p roduc t ion ,  income, and cmp loywnt  
and f i n a l l y  of consumption. These activities have t o  do w i t h  r o m d -  
i t y  p r i o r i t i e s ,  comnodity characteristics, technology c h a r a c t e r i s t i c s  
and product ion-systems research as suggested by Ptnstrup-Andrrsen. 1 
For want of space. however, the  present  d i scuss ion  w i l l  be conf ined t o  
t h e  f i r s t  two aspects. 
The author  i s  g r a t e f u l  t o  Ramarurthi Jambunathan who t n l t i d t e d  t h i r  
work, t o  h l d  Singh f o r  h i s  va luab le  c o n t r i b u t l o n  t o  the blochem- 
i s t r y  r e l a t e d  p a r t  o f  the  paper, and t o  T. 5. Walker, H a t t h l a r  von 
Oppen. Oevendra Sharma. 1. 0. Swindale, D. 5. Murty, Nadoor 
Seetharama. J .  5. Kanwar. and o the r  s c i e n t i s t s  f o r  t h e i r  va luable 
suggest ions and comments. The author  alone i s  responsib le f o r  the 
views expressed; they do no t  necessar i l y  represent  ICRISAT's p o r i -  
t i o n  on the  sub jec t .  
Per Plnstrup-Andersen, I n c o r p o r a t i n g  b t r i t l o n a l  Coals i n t o  the  
Design o f  I n t e r n a t i o n a l  A g r i c u l t u r a l  Research (Yarhington, O.C.: 
l n t e r n a t i o n a l  Food P o l l c y  Research ! n s t l t u t t .  n83). 
RESEARCH TO UNDERSTAND NUTRlTlOYAL lS5lJES AHD PROBLEMS 
An understanding o f  h u m n  n u t r l t i o n a l  s t a t u s  and the f a c t o r s  
a f f e c t i n g  It I s  an e r s e n t i a l  s tep toward a  sharpening of  the n u t r l -  
t i o n a l  focus o f  prospective techno log ies .  This i nvo lve r  research 
a c t i v i t i e s  i n  the fa1 lowing two ca tegor ies :  
1. Research d i r e c t e d  toward tunderstandr ng the  cu r ren t  n u t r i  t i  ondl 
s t a t u s  o f  people i n  semia r id  t r o p i c a l  areas; 
2. Research d i r e c t e d  toward understanding the food q u a l i t y  o f  
ICRISAT mandate crops. 
On Current  N u t r i t i o n a l  Status 
- 
The ICRlSAT research d i r e c t e d  toward understanding the  c u r r e n t  
n u t r t t l o n a l  s ta tus  o f  r u r a l  populations i n  semia r ld  t r o p l c a l  areas has 
been l a r g e l y  conf ined t o  India. '  I t s  o b j e c t i v e s  are t o  a r r i v e  a t  an 
understandlng o f  the fac to rs  t h a t  i n f l u e n c e  the n u t r l t i o n a l  s t a t u s  of 
people and t o  d e r i v e  u s e f u l  l n fe rences  t o  h e l p  ag rob io log ica l  sc ien -  
t i s t s  t o  a t tune  t h e i r  research r t r a t e g l e s  t o  n ~ ~ t r l t t o n d l  issues. I n  
same instances n u t r i t i o n  pe r  se i c  the  goal of research, w h i l e  i n  
o the rs  nutrition emerges as a  component o f  the complex of  issues 
s tudied.  These s tud ies  have been conducted l a r g e l y  by ~ c o n o m i s t s  i n  
c o l l a b o r a t i o n  w i t h  nutritionists, btochemists .  p h y s i o l o g i s t s ,  and 
medlcal s c t e n t i r t s .  
Dpterminants o f  I n d l v i d u a l  D i e t  and N u t r i t i o n a l  Status o f  People I n  
Semiartd T rop lca l  V l \ l a g e s  I n  I n d i a .  A  detat  l e d  c o l l a b o r d t i v e  study 
-- 
was conducted hy 1C -dl l n s t i t ~ ~ t e  o f  N u t r i t i o n .  and the  
)lome Yctence Col lege of Andhra Pradesh A g r i c u l  t u r d 1  Unl ve rs i  t y  between 
1976 and 1918 t o  determlne the  n u t r i t i o n a l  and h e a l t h  s ta tus  o f  r e s i -  
dents o f  semiar td t r o p i c a l  v l l l a q e s  I n  Southern [nd la.  The study 
covered 1.200 people from a  pdnel o f  240 households i n  s i x  v l  l layes of 
th ree  dgroc l tma t i c  zones throughout  f o u r  sedsons. The p r i n c l p d l  
n u t r l e n t  d t=f lc ienc ies found were enerqy, calcium. and v i tamlns  A. R 
Most of  the dt tempts t o  understand the n u t r i t i o n a l  problems o f  
A f r i c a  have been made hy revtewtng past  I n v e s t i g a t i o n s ;  see D. U. 
Norman e t  a l . ,  Farm and V l l l a  e  P roduc t ion  S  stems I n  the Semi-Arid 
Tro t cs  o f  Wert r ca: n t e r  retati:e evlew o f  %search, 
~ s k u l  l e t i n  ;:.I4 (Pat:ch:ru, k d h r a  P r a d k ,  Indi-n. 
1981) ,  and Barbara H a r r i s ,  The Marke t ing  o f  Foodgrains i n  the  
Sudano-Sahellan States: An I n t e r p r e t a t i v e  Review o f  the Literat%. 
c o n o m i c s  Procram Proaress Reoort 31 IPatancheru. Andhra Pradesh. 
I n d i  a: ICRISAT, 19821. The ;i 1 l a g e - l e v e l  strrdie; be ing conducted 
by ICRISAT i n  West A f r i c a  w i l l  a l s o  throw some l i q h t  on the n u t r i -  
t i o n a l  problems o f  the  people; see P. J. ~ a t l o n ;  P r o f i l e  of F a n  
U n i t s  i n  Two V l l l a g e s  o f  Cen t ra l  U  e r  Volta. Vest A f r i c a  Economics 
Program Progress Report 1 ( Kamboin:$. Upper Vol ta :  ICRISAT. 1980). 
and John tk I n t l r e ,  Reconnalssance Socioeconomt c  Surveys I n  Nor th  and 
West U e r  Vol ta ,  P e s t  A f r i c a  Economics Program Progress Repor t  5 
amboinsc pper  Vol ta :  ICRISAT, 1982). v-?-U- 
cocrglex. and C. P r o t e i n  was genera l l y  not  l l m i t i n q .  V i l l a g e s  whose 
d i e t s  consisted l a r g e l y  of sorghum and p e a r l  m i l l e t  had h r t t e r  v i tamin  
and minera l  i n t a k e  than the  l a r g e l y  r ice-consuminy v i l l a y e s .  Thr 
n v t r i t t o n a l  s t a t u s  was found t o  k determined p r i m a r i l y  by a g r o c l i -  
ma t i c  and soc ioeconmtc  c h a r a c t e r i r t i c s  of  v i l l a g e s  r a t h e r  then by t h r  
l e v e l  o f  ne t  household Incorn. There was l i t t l e  seasonal v a r i a t i o n  i n  
i n t a c e s  o f  n u t r i e n t s  o t h e r  than v i t a m i n  R complex, the consumption of 
w h ~ c h  locreased d u r i n g  the season of  surp lus foodgrr fns.  I n  view of 
t h e  rnpor tance o f  v i tamin  and m i n e r r l  d e f i c i e n c i e s  found i n  the  study 
v i l l a g e s ,  programs t o  increase the  p roduc t ion  o f  veqctablas, d a i r y  
products ,  and f r u i t s  t h a t  c o n t a i n  s : g n i f i c a n t  q u a n t i t i e s  o f  these 
n u t r i e n t s  uou ld  seem appropr ia te .  The r o l e  o f  comnon p roper ty  r e -  
sources (CPRs), such as v i l l a g e  fo res ts .  pastures. ponds. and r i v u -  
l e t s .  from which people gather  a  v a r i e t y  o f  food and fodder f r e e l y .  
thus assumes g ree te r  s l g n i f l c a n c e .  The c n l o r t e  d e f l c i t  should tw 
overcome l a r g e l y  by i n c . e a r i n g  the  availability o f  foodyra lns,  
e s p e c i a l l y  cereals .  Crop-breeding programs can w k r  a  s i g n l f l c a n t  
c o n t r i b u t i o n  t o  t h t s  e f f o r t  by focus ing  on i nc reas iny  and r t a b i l i z l n q  
c rop  y te ld .3 
A f u r t h e r  ana lys i s  o f  the data h l g h l i q h t r d  some a rpec t r  o f  i n t r s -  
household a l l o c a t i o n  o f  n u t r i e n t s .  I n  the su rp lus  season n u t r i e n t s  
a re  d l  l oca ted  amng c h i l d r e n  i n  households i n  the v i  l l a y e - l e v e l  s t ~ ~ d y  
w i t h  some concern about d i s t r i b u t i o n  and not  j u s t  about p r o d u c t i v i t y - -  
t h a t  I s ,  pa ren ta l  i n e q u a l i t y  avers ion.  But i n  the  lean season when 
food i s  scarcer  t h e r e  i s  rmch l e r s  concern about q u a l i t y  and the 
expected h e a l t h  outcome o f  boys and o l d e r  c h i l d r e n  1s f d v o r r d  o v ~ r  
t h a t  of g i r l s  and younger c h i l d r e n .  F u r t h e m r e ,  i n  the l r a n  sedson 
households t h a t  ho ld  land favor  o l d e r  c h i l d r e n  less than tho re  who do 
no t .  And households w i t h  m r e  educated heads favor  boys l r s s  i n  the 
s l l rp lus  season, but  more i n  the lean s e a s ~ n . ~  
Y u t r i t i o n a l  Imbalances Induced by the Green R e v o l G n - .  The spread of 
h i g h - y i e l d i n g  v a r i e t i e s  of wheat a t  the- acreage--dnd produc- 
t i o n - - o f  pulses. a  p r i n c i p a l  source o f  p r o t e i n ,  became a  mat ter  of 
se r ious  concern d u r i n g  the e a r l y  1910s. I t s  p o r s l b l e  implications I n  
t h e  appearance of n u t r i t i o n a l  lmbalances was eaamined by m a n s  of 
secondary data from impor tant  wheat-growing s t a t e s  i n  Ind ia .  The 
study revealed t h a t  s i g n i  f l c a n t  i n p r o v e m n t  i n  wheat p r o d u c t i o n - -  
caused by a  p lan t -b reed ing  s t r a t e g y  t o  increase yields--overcornpen- 
sated f o r  the p o s s i b l e  d e c l i n e  i n  n u t r i t i o n a l  w e l l - b e i n g  of the people 
from the  d e c l i n e  o f  pu lse  p roduc t ion  i n  Ind ia .  One reason t h a t  wheat 
cou ld  d i s p l a c e  pulses t o  such a  l a r g e  e x t e n t .  however, was t h a t  l n -  
creases i n  wheat y i e l d s  occurred a t  a  t ime when y i e l d s  of pu lses were 
r tagnan t .  Th is  i n d i c a t e s  the  need f o r  improv ing y l e l d s  o f  pu lses t o  
J. G. Ryan e t  al., The  determinant^ o f  I n d i v i d u a l  D i e t s  a s  
k t r i t i o n a l  S ta tus  i n  S i x  V i l l a g e s  o f  South I n d i a ,  Research 
B u l l e t i n  No. 7 (Patancheru. Andhra Pradesh. Ind ia :  1llfflS~T. 1984). 
prevent t h e l r  p r i c e s  from reaching a l e v e l  t h a t  w u l d  take  them ou t  of 
reach of the n u t r i t i o n a l l y  vu lne rab le  and economical ly  poor. The need 
f o r  a breeding s t r a t e g y  f o r  i n c r e a s i n g  the  y i e l d  o f  pu lses a l s o  became 
apparent .5 
Human h t r i t i o n  and Crop-Breeding Ob jec t i ves .  Review of d i e t a r y  su r -  
veys and r e l a t e d  l i t e r a t u r e  on the semia r id  t r o p i c s  shored t h a t  d i e t s  
were d e f i c i e n t  i n  c a l o r i e s ,  v i tamin  A, v i t a m i n  B complex. and some 
minera ls ,  a l though d e f i c i e n c i e s  i n  p r o t e i n s  and m i n o  ac ids  were no t  
as great  as they were be l ieved  t o  be i n  the  1 9 6 0 ~ . ~  Th is  suggests 
t h a t  h igher  p r i o r i  t y  should be g i  ven i n  t h e  ICRISAT crop-improvement 
programs t o  breeding f o r  increased y i e l d s  and t h e r e f o r e  m r e  c a l o r i e s  
than t o  breeding f o r  g rea te r  p r o t e i n  con ten t  and h i g h e r  p r o t e i n  
q u a l f t y .  Screening f o r  h igh  p r o t e i n  con ten t  m y  be con f ined  t o  the 
e l i t e  progenies I n  a breeding program t o  ensure t h a t  t h e  l i n e s  
re leased have s a t i s f a c t o r y  n u t r i e n t  p r o f !  l e s  a f t e r  o t h e r  p r i o r i  t i e s  
have been met.' A rev iew o f  t h i s  research by f h e g o v e r n i n q  board o f  
ICRISAT was p a r t l y  respons ib le  f o r  changes i n  b reed ing  priorities i n  
favor  o f  h igher  and m r e  s t a b l e  y i e l d s .  p a r t i c u l a r l y  i n  sorghum. 
N u t r l t f o n  and T r a d i t i o n a l  Farming Systems. Comprehensive v i l  l age-  
' level s tud ies  i n  semiar id  t r o p j c a l  areas i n  l n d l a  and i n  p a r t s  of 
West A f r i c a  have revealed severa l  ways i n  which good n u t r i t i o n  and 
food management can be achieved through t r a d i t i o n a l  farming systems. 
Mi xed cropping o r  i n te rc ropp ing ,  i n v o l v i n g  a combinat ion o f  crops wi t h  
d i f f e r e n t  food values, m a t u r i t y  pe r iods ,  c a p a c i t y  t o  w i ths tand  
hazards, and salvage possibilities, represen ts  one o f  the  m s t  impor- 
t a n t  p r a c t i c e s  t h a t  c h a r a c t e r i z e  t r a d l t i o n a l  fanning  system^.^ I n t e r -  
cropping and crop d i v e r s i f i c a t i o n  can min imize c rop  f l u c t u a t i o n s  and 
the  number o f  t o t a l  crop f a l l u r e s .  thereby h e l p i n g  t o  r t a b i l t r e  i n c o 3 w  
J. 6. Ryan and k t h i a h  Asokan, "The E f f e c t s  o f  the Green Revo lu t ion  
i n  Uheat on the  Product ion o f  Pulses and N u t r i e n t s  i n  India, '  
I nd ian  Journal  o f  A g r i c u l t u r a l  Economics 32 (July-September. 1977) : 
15. 
J. G. Ryan e t  al.. Human N u t r i t i o n a l  Needs and Crop Breed in  
Object ives i n  the Semi - A r i d  Tropics.  Economics Progr lm ~ c c a s l o n a ?  
Paper 4 (Patancheru, Andhra Pradesh, I n d i a :  ICRISAT. 1974). 
Ibid.; and J. G. Ryan e t  al., Human h t r i t i o n a l  b e d s  and Croe  
Breeding Ob jec t i ves  i n  t h e  Semi-Arid T rop ics :  A F u r t h e r  Note, 
~ c o n o m i c s  Program Occasional Paper 8 (Patancheru, Andhra Prrdesh. 
l nd la :  ICRISAT, 1975). 
8 N. S. Jodha, ' I n te rc ropp ing  i n  T r a d i t i o n a l  Farming Systems." Journal  
o f  Development Studies 16 ( J u l y  1980): 427-442; P. D. R i d i n g e r  and 
Bhavani M g ,  .The Role o f  Pigeonpeas i n  V i l l a g e  D i e t s  i n  t h e  Semi- 
A r i d  Tropics o f  South India." i n  Proceedings o f  t h e  I n t e r n a t i o n a l  
Yorksho on Pigeonpeas, vo l .  1 (Patancheru, Andhra Pradesh, I n d i a :  
d l .  pp 2 9 - 2 6 4 ;  * I n t i  re ,  Reconnaissance L c i o e c o n a i c  
Surveys. 
and food ¥ up ply.^ The t r a d i t i o n a l  i n t e g r a t i o n  o f  crops. l i v e s t o c k .  
grass. bushes. and t rees  f n t o  a t o t a l  farming system underscores t h e  
importance of re1 f - p r o v i s i o n i n g  and food secur i  ty.10 
D r w  ht - Induced I n s t a b i l i t  of Food Intakes and k t r l t i o n a l  L r v e l s .  A 
subs tan t fa1  d e c l i n e  i n  th: consurq t ion  o f  food. p a r t i c u T a r i y  " p r o t r c -  
t i v e *  foods such as m i l k .  vegetables. f r u i t .  and m a t ,  a n d  i n  expen- 
d l t u r e r  by farmers f o r  food war observed i n  d raugh t -a f fec ted  areas o f  
Ind ia .  Cur ta i lmen t  of consumption. p a r t l y  because of n d u c c d  s u p p l i e r  
and p a r t l y  because o f  the  need t o  reduce c u r r e n t  comn i tmnts .  
suggested the need f o r  techno log ica l  and I n s t i t u t i o n a l  mans  o f  i n -  
c reas ing  and s t a b i l i z i n g  crop p r o d u c t i o n  t o  p r o t e c t  people 's  n u t r i -  
t i o n a l  s ta tus . l l  The quest  f o r  shor t - te rm food s e c u r i t y  a l s o  
i n f l u e n c e d  the  decisionmaking o f  farmers. Iho r taqcs  i n  t h e i r  cun 
food supp l ies  and lack of purchasing power encouraged such p r a c t l c e c  
as a g r e m n t s  t o  work ing as at tached labor .  i n s i s t e n c e  on wager I n  
k i n d ,  seasonal m lg ra t lon ,  tenancy, and t h e  l i n k i n g  of var ious f a c t o r  
markets and product  markets i n  v i l l a g e s . l 2  
R. P. Singh and T. 5. Yalker ,  Determinbnts and I I i c a t i o n s  of Croe 
F a i l u r e  i n  the  Semi-Arid Tropics of ~nd&ml~i=m 
Progress Report 40 (Patancheru. Andhra Praderh, Ind ia :  I C R  ISAT, 
1983); T.S. Yalker  e t  dl., Dimensions o f  Farm Level D i v c r s i f l c a t l o n  
i n  Semi - A r i d  Tropics of  Rural S o u t h ~ ~ c o n o m i c s T r ~ V r T  
gress Report 51 (Patancheru, Andhra PradeTh, I n d l a :  ICRISAT, 1983). 
lo Helga V ie r i ch ,  'Anthropology i n  the Context o f  ICRISAl 's  ObJectlves 
i n  Yest A f r i c a :  Progress t o  Date and Plans f o r  1983.' r e p o r t  p r c -  
pared f o r  ICRIIAT in-house review, 1983; N. 5 .  Jodha. "Market 
Forces and Eros ion o f  C o m n  Proper ty  Rerources,' paper presented 
a t  the I n t e r n a t i o n a l  Uorkshop on A g r i c u l t u r a l  Markets i n  the  Semi- 
A r f d  Tropics.  ICRISAT, Patancheru, Andhra Pradcsh, I n d i a ,  Octoher 
24-28, 1983. 
11 N. 5 .  Jodha. 'Famine and Famine Policies: S o w  E m i r i c r l  Evidence.' 
Economic and P o l l t i c a l  Ueekl . ?ctober  1975. pp.' 1609-1623; N. i. 
~ o d h a , ~ e c t l v e n e s s  o f  ~ a d r r  AdJustment t o  Risk, '  Economlc and 
June 1978, pp. A.38-A.48; N. 5. Jodha and A. C. 
ustment t o  C l l m a t i c  V a r i a b i l i t y  i n  Self-Provision- 
i n g  S o c i e t i e s :  Some Evidence from I n d i a  anb Tanzania,. ICRlSAl 
Conference Paper No, 129. presented a t  the m e t i n g  of the Scien-  
t i f i c  C o r n i t t e e  on Problems o f  Environment (ZCOPL). c rnad ldn  
C l ima te  Centre. Toronto. Canada. September 21-October 1 .  1981. 
l2 H. P. Binswanper e t  al.. 'Comnon Features and Contracts  i n  Labor 
R e l a t i o n s  i n  - t h e  Semi-Arid Tropics o f  Ind la, '  i n  Con t rac tua l  
Arrangements, Enployment, and Yages l n  Rural Labor k r k e t s  i n  Asfa, 
ed. H. P. Binswanger and H. R. Rosenzwefg (b Havm: Yare 
U n i v e r s i  t y  Press, 1984). pp. 143-168; N. 5. Jodha. ' A g r t c u l t u r a l  
Tenancy i n  Semi-Arid T rop lca l  India, '  I n  Con t rac tua l  Arran cmcnts, 
fog loyacn t ,  and Yaqes i n  Rura l  Labor H a r m  Asia, edq H. P'. 
nswanger and R. Rosenzwefg (New Haven: Yale U n f v e r s t t y  Press, 
!\84), pp. %-I:;. 
N u t r i t i o n  as a Determinant o f  Labor Yages and P a r t i c i p a t i o n  Rate, 
~ c R I s A T  research has ind t  cated the adverse e f f e c t s  of t r a c t o r i  r a t  i o n  
and o f  herb ic ide-based weed management on enployment . l3  Women, dho 
a r e  o f t e n  a t  r i s k  n u t r i t t o n a l l y  and who are the principal source of 
l a b o r  f o r  weeding, are the ones who s u f f e r  the  m s t  f r o n  the i n t r o d u c -  
t i o n  o f  he rb ic ides . l r  
Analys ls  o f  data on v i l l a g e  labor  m a r k e t s - - p a r t i c i p a t i o n  ra tes .  
wage ra tes ,  composi t ion o f  wages. the p r o v i s i o n  o f  meals a long w i t h  
wages. cash, and payment i n  k i n d - - i n d i c a t e d  t h a t  a  b e t t e r  n u t r i t i o n a l  
s t a t u s  con fe r red  a s i g n i f i c a n t  p o s i t i v e  e f f e c t  on the  d a i l y  wages o f  
men bu t  not  on those o f  women.' The e f f e c t  on p a r t i c i p a t i o n  was the 
opposi te ,  however. Uomn who were b e t t e r  nour ished p a r t i c i p a t e d  nore 
a c t i v e l y  i n  the  d a l l y  market f o r  casual a y r i c u l t u r a l  labor .  w h i l e  the 
n u t r i t i o n a l  s ta tus  of men was not s i g n i f i c a n t l y  associated w i t h  t h e i r  
p a r t i c i p a t i o n  i n  the labor  m r k e t .  This exp la ins  i n  p a r t  why m n  are 
g i ven  p r i o r i t y  i n  the a l l o tmen t  o f  food supp l ies  i n  low-income house- 
ho lds  i n  r u r a l  areas. I t  a lso  exp la ins  t o  some ex ten t  the tendency 
f o r  a diversion o f  food away from n u t r i t i o n a l  l y  vu lne rab le  members t o  
t h e  m l e  a d u l t s  i n  a fami l y  under the n u t r i t i o n  i n t e r v e n t i o n  programs 
f o r  vu lne rab le  groups .I6 
An econometric ana lys i s  o f  a g r i c u l t u r a l  wages and farm produc-  
t i v i t y  f u r t h e r  demns t ra ted  the i l rportance o f  h e a l t h  i n  the  s h o r t - t e r m  
i n  i n f l u e n c i n g  the  marginal p r o d u c t i v i t y  of labor .  For  every percen- 
tage  p o i n t  increase i n  the s tandard ized we igh t - fo r -he igh t  of a  worker. 
c e t e r l s  par ibus,  h i s  d a i l y  a g r i c u l t u r a l  wage r a t e  as * e l l  as the 
marginal  p r o d u c t i v i t y  o f  h i s  l abor  on the  f a m i l y  farm inc rease  by Rs 
0.03 ( t h e  d a i l y  a g r i c u l t u r a l  wage r a t e  d t  t he  sample w a n  i s  Rs.2.45). 
Th is  i s  a  r a t h e r  l a r g e  e f f e c t ,  which suggests t h a t  investments i n  
n u t r i t i o n  t o  increase the we igh t - fo r -he igh t  of i n d i v i d u a l s  would have 
h i g h  r e t u r n s  I n  a g r i c u l t u r e .  So would o the r  p o l i c y  i n t e r v e n t i o n s  t h a t  
a l  low more we igh t - fo r -he igh t  t o  be 'produced' from y i  ven n u t r i  t i o n d l  
i n t a k e s  by improv ing the general h e a l t h  environmeflt and reduc ing  the 
inc idence  o f  diseases.17 
H. P. Binswanger, The Economics o f  T rac to rs  i n  South A s i a  
A n a l y t i c a l  Review, ADC-ICR [SAT Monograph (Patancheru, Andhra 
Pradesh, I n d i a :  ICRISAT, 1977). 
H. P. Binswanger and S .  V. R. Shet ty ,  Economic Aspects o f  Meed 
Con t ro l  i n  Semi - A r l d  T rop ica l  Areas i n  I n d i a ,  Economics Proyram 
Dccasional  Paper 13 (Patancheru, Andhra Prddesh. I n d i a :  ICRISAT, 
1977). 
1 5  J. G .  Ryan, Wage Funct ions f o r  D a i l y  Labor Hdrket  P a r t i c i p a n t s  I n  
k u r a l  South Ind ia .  Economics Program Progress Report 38 
P a t a n c h e r u ,  Andhra Pradesh, I n d i  a: ICRISAT, 1982). 
E l a s t i c i t i e s  o f  h n d  f o r  P r o t e i n  and Ca lo r ies .  Income and p r i c e  
e l a s t i c i t i e s  of demand f o r  p r o t e i n  and c a l o r t e s  -re de r i ved  through 
an a n a l y s i s  o f  data on consulaption c o l l e c t e d  i n  the Na t iona l  Sample 
Survey i n  Ind ia.  Income and p r i c e  e l a s t i c i t i e s  o f  demand f o r  bo th  
c a l o r i e s  and p r o t e i n  are h ighes t  among the poorest consumers, p a r t i c -  
u l a r l y  i n  r u r a l  areas. Sorghum and m i l l e t  are s i g n i f i c a n t  components 
o f  the  d i e t s  o f  very poor people, i n d i c a t i n g  t h a t  a  breakthrough i n  
t h e  technology o f  p roduc t ion  of  the re  crops u l11  b r l n g  about substan- 
t i a l  n u t r i t i o n a l  gains f o r  the poor.18 
Ana lys i s  o f  Consumer Preference f o r  Soryhum and Peacl-xllet. 
Assuminq t h a t  m r k e t  p r i c e s  r e f l e c t  the p r e - n i n  c o n s u w r r .  
r e l a t i n g  these t o  c h a r a c t e r i s t i c s  of p r e f e r r e d  foods revealed tha t  
p r o t e i n  content .  cooklng q u a l i t y .  and absence o f  g l u m s  and m l d s  I n  
g r a i n  a re  impor tant  determinants o f  consumer preference f o r  c e r t a i n  
v a r i e t i e s  o f  sorghum and m i l l e t . 1 9  The In f luence  o f  n u t r i e n t  c o n t ~ n t  
was c o n f i  m d  by consumer panel s t ~ d i e r . ~ o  These f i n d i n g s  o f f e r  use- 
f u l  i n f o m t i o n  f o r  crop breeders i n  t h e i r  e f f o r t s  t o  make new c u l t i -  
v a t s  acceptable t o  consumers. On the  bas ls  of the e s t i m a t i o n  c o e f f i -  
c i e n t  f o r  the  re levan t  q u a l i t y  c h a r a c t c r i r t i c c ,  a  t e l e c t i o n  index can 
be der i ved  t o  p r e d i c t  the preference o f  consumers f o r  any new v a r i e t y .  
C o m n  Proper ty  Resources and Human N u t r i t i o n .  The i n i t l a l  r e s u l t s  of 
a  study o f  r u r a l  CPRs--resources used hy the whole comnunity w i thou t  
any ex;lusive r t g h t  o f  i n d i v i d u a l  a*nership-- revealed t h e i r  s i g n i l l -  
cant  c o n t r i b u t i o n  t o  human nut . r i t ion,  p a r t i c u l a r l y  of the r u r a l  poor. 
The l a t t e r  gathered f r u i t ,  leaves, f lowers,  honey, pm, f i s h ,  w i l d  
c e r e a l s  and legumes, and of f -season vegetable crops from var ious CPRs. 
such as f o r e s t s ,  pastures,  wastelands, ponds, and r i v u l e t s .  i n  the  
v i l l a g e s .  The n u t r i e n t s  t h a t  are o f t e n  unava i lab le  from f i e l d  crops 
' @ K .  N. Murty  and b t t h i a s  van Oppen. 'Nu t r ien t  D i c t r i b u t l o n  and 
Consumer Preference i n  Ind ia ,  w i t h  P o l l c y  Img l l ca t lons , "  paper 
presented a t  the I n t e r n a t i o n a l  Workshop on A g r i c u l t u r a l  Markets i n  
Semi -Arid Tropics,  ICRISAT, Patancheru. Andhra Pradesh, Ind ia .  
October 24-28, 1983. 
l 9  Y a t t h i a s  von Oppen and P. P. Rao, "A Market Der ived Se lec t ion  lndes 
f o r  Consumer Preference of Ev iden t  and C r y p t i c  Q u a l i t y  Char rc te r -  
i s t i c s  of Sorghum,' proceedings of the I n t e r n a t i o n a l  Sympotiurn on 
Sorghum Gra in  Oual i t y ,  ICRlSAT, Patancheru, Andhra Pradesh, I n d i  a. 
1982; H a t t h i  as von @pen and Rammurth i  Jambunathan. 'Consum~r 
Preference f o r  C r y p t i c  and Evident  Q u a l i t y  C h a r a c t e r i s t i c s  of 
Sorghum and M i  1 l e t . "  paper presented a t  the  Diamond Jubi  l ee  
S c i e n t i f i c  Session o f  the  Na t lona l  I n s t i t u t e  o f  N u t r t t i o n ,  
Hyderabad, Ind ia .  October 23-27, 1978. 
2 0  P. P. Rao and b t t h i a s  von Oppen, V i l l a g e  Consumr Preference f o r  
Sorghum V a r i e t i e s  and I t s  R e l a t i o n s h i p  t o  Sor hum Preference fnder ,  
~ c o n m i c s  Program Progress Report M ( P a t a h m r a  Pradesh. 
I n d i a :  ICRISAT, 1983). 
and t h a t  are too  c o s t l y  o r  o f  too low a p r i o r i t y  t o  be bought were 
gathered f r e e  from CPRs. I n  v i l l a g e  householdr i ?  semiar id  t r o p i c a l  
reg ions ,  these products  corrprised 9 percent  o f  the d i e t s  o f  s m l l  
farmers but  on ly  4 percent  of the d i e t s  o f  l a rge  fanners.* l  
N u t r i t i o n a l  Considerat ions i n  the  A l l o c a t i o n  o f  Research Resources-. I n  
response t o  s p e c i f i c  requests from T m T  pol icymakers. some exer -  
c i s e s  u s i n g  d i f f e r e n t  c r i t e r i a  were done t o  eva lua te  the  present  
p r i o r i t y  of n u t r i t i o n  i n  the a l l o c a t i o n  o f  resources. The r e l a t i v e  
c o n t r i b u t i o n s  of mandate crops t o  t o t a l  n u t r i e n t  p roduc t ion  i n  var ious 
reg ions  was one c r i t e r i o n  t h a t  Ind ica ted  the need f o r  a  s h i f t  I n  a l l o -  
c a t i o n  o f  research resources i n  favo r  o f  Sub-Saharan A f r i c a .  2 2  
D e t a i l s  o f  t h i s  work w i l l  form p a r t  o f  the s e c t i o n  on comnodity 
p r i o r i  t i e s .  
These s tud ies  are s u m r i z e d  i n  Table 9.1. 
N u t r i t i o n a l  Q u a l i t y  Dimensions of k n d a t e  Crops 
- 
The n u t r i t i o n a l  p r o f i l e s  of mandate crops are determined through 
chemical  dnd b iochemical  analyses by the department o f  g r a i n  q u a l i t y  
and b lochemis t ry .  This work covers the n u t r i t i o n a l  c o m ~ o s i  t i o n  of 
g r a i n ,  the  e f f e c t s  o f  process ing methods and techniques on n u t r i t i o n a l  
composi t ion.  and a n t i n u t r i t i o n a l  f a c t o r s  and t h e i r  removal i n  p r o -  
cess ing .  I n  the  past  these separate aspects have not  been g iven equal 
e w h a 5 i s .  
N u t r i e n t  P r o f i l e  of Mandate Crops. The main emphasis i n  the  past  has 
- 
been on the a n a l y s i s  o f  mandate crops f o r  t h e i r  chemical composi t ion,  
p a r t i c u l a r l y  p r o t e i n s ,  carbohydrates, amino ac ids,  m inera ls ,  and t r a c e  
elements. Of l a t e ,  process ing methods have received f a i r l y  h i g h  
p r i o r i  t y .  The department o f  g r a i n  qua1 i t y  and b iochemis t ry  analyzes 
thousands o f  samples o f  mandate crops from germ plasm accessions as 
w e l l  as from b reed ing  m a t e r i a l .  The f o l l o w i n g  are m n g  l t s  f i nd ings .  
lnprovement o f  P r o t e i n  Q u a l i t y  Through Breeding. Genet ic  
v a r i a b i l i t y  f o r  p r o t e i n  content has been e r p l o r e d  f o r  improvement of 
N. S. Jodha, "Market Forces and Eros ion  o f  C m n  Proper ty  
flesources." paper presented at  the I n t e r n a t i o n a l  Workshop on A g r i -  
c l ~ l t u r a l  Markets i n  the Seml-Arid Tropics,  ICRISAT, Patancheru, 
Andhra Pradesh. Ind ia ,  October 24-28. 1983. 
2 z  J. G .  Ryan, " A g r t c u l t u r e  and Research i n  the Semi-Arid Tropics." 
paper  prepared by the  Economics Program f o r  the (k inquenn ia l  Revlew 
o f  ICRISAT, Patancheru, Andhra Pradesh. Ind ia.  1978; h t t h i  as von 
Oppen and J. G. Ryan, Determining Regional Research Resource A l l o -  
c a t l o n  P r i o r l  t i e s  a t  an I n t e r n a t t o n a l  A g r i c u l t u r a l  Research Center. 
ISAT Journal  A r t i c l e  No. 293 (Patancheru, Andhra Pradesh, I n d i a :  
ICRISAT. 1984). 
Table 9 . 1 - - S u a ~ r y  o f  ICQISAT research d i r e c t e d  toward understanding o f  issues and problems r e l a t e d  
t o  human n u t r i t i o n  
Subject  o r  Study 
P r i n c i p a l  F ind ings 
and Recomnendations 
P o t e n t i a l  Users Relevant Area o f  
of  Resu l ts  Research P o l i c y  
1. Determinants o f  d i e t s  
and n u t r l t l o n  s ta tus  
o f  people I n  semlar ld  
t r o p i c a l  v i l  lages 
(Ryan e t  a1. 1983. 
B e h r u n  1984) 
2. h t r i t i o n a l  I l ba lances  
induced by t he  green 
r e v o l u t i o n  (Ryan and 
Ashokan. 1977) 
3. h - n  rutrltlm and 
crop-breeding obJec- 
t i r e s  [Ryan e t  11. 
1974, 1975) 
D i e t s  are  Q f l c i e n t  i n  energy. 
calcium. and v i tamins  A, B c m -  
plex.  and C. r a t h e r  then I n  pro-  
t e i n .  V i l l a g e s  t h a t  consume 
sorghum m d  m i l l e t  have b e t t e r  
v i t am in  and minera l  I n take  than 
those t h a t  are  dependent on 
r i c e .  V i l lage-spec1 f i c  a g r o c l i -  
rat i c  and soc ioeconor ic  f a c t o r s  
have a  g rea te r  bear ing  m in take  
o f  n u t r i e n t s  than does annual 
ne t  income. N u t r i e n t  a l l o c a t i o n  
t o  c h i l d r e n  I s  governed by con- 
ce rn  f o r  equ i t y  du r i ng  the sur -  
p l u s  season and p r o d u c t i v i t y  
d u r i n g  the lean season. 
l l p r o v e n t  i n  *eat y i e l d s  over-  
collpensated f o r  poss ib le  dec l i ne  
I n  n u t r i t i o n  on account of de- 
cline i n  y i e l d s  fror l a - y l e l d -  
i n g  pu lse  crops. 
Y i e l d  i q r o v c o e n t  should be 
g iven p r i o r 1  t y  over p r o t e i n -  
qua1 i t y  I q r o v - n t  . 
N u t r i t i o n  p o l i c y -  
makers. research 
po l  i c y k e r s  
N u t r i t i o n  p o l i c y -  
makers. research 
po l  I cyrakers.  
breeders 
Research po l  i c y -  
m k e r s .  p l a n t  
breeders 
ConMdi t y  cha rac te r -  
l s t i c s .  p roduc t i on  
systems 
C o w d i  t y  p r i o r 1  t l es .  
~Oll irOdi t y  cha rac te r -  
I s t i c s .  p roduct ion  
systems 
C-1 t y  cha rac te r -  
i S t l C S  
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P o t e n t i a l  Users Relevant Area o f  0 
o f  Resul ts Research Pol i c y  
4. N u t r i t i o n  and t r a d i -  B e t t e r  food n i x .  s e l f - p r o v i -  Research pol  i c y -  
t l o n a l  farming systems sionlng. and food s t a b i l i t y  makers. n u t r i  t i o n  
(Jodha 1980. Singh e t  through reduced crop f a l l u r e  po l  i cymakers 
a l .  1983. Yalker e t  can be achieved by rneans o f  
a l .  1983. B id inge r  and i n te rc ropp ing  and crop d i v e r -  
Nag 1981. M c I n t i r e  s i f i c a t i o n .  
1983. V ier lch .  1983) 
5. Drought and food i n t a t e  Dec l ine  i n  food in take as a  ikvelopment and 
1  ns tab i  1  I t y  (Jodha f i r s t  step I n  adfustnent t o  re1 l e f  p o l i c y -  
1975. Jodha and drought; o the r  dec is ions  w i t h  makers and p lan-  
Hascarenhas 1983. long-term imp l i ca t i ons  f o r  ners 
B i  nswanger e t  a1 . n u t r i t i o n  concern at tached 
1  984 ) labor.  tenancy. factor-market 
1  lnkages. and migra t ion .  
6. Corrnon proper ty  resour-  Poor de r i ve  s i g n i f i c a n t  guant l -  Planners and 
ces and human n u t r i t i o n  t i e s  of  f r ee  goods w i t h  n u t r i -  pol icyeakers.  
(Jodha 1983) t l o n a l  value from c m n  pro-  research pol  i c y -  
p e r t y  resources. m k e r s  
7. N u t r i t i o n  as a  de te r -  B e t t e r  n v t r l t i o n a l  s ta tus  has N u t r i t i o n  p o l i c y -  
n i n a n t  o f  labor  wages s l g n i f l c a n t  p o s i t i v e  e f f e c t  on makers, p lanners 
(Ryan 1982. Deo la l l ka r  wages o f  a d u l t  males. which has 
1984) in t rahouseho ld  implications f o r  
food d i s t r i b ~ t i o n .  Short- term 
h e a l t h  f a c t o r  (prox ied by welght-  
f o r - h e l g h t )  posi  t l v e l y  inf luences 
wage r a t e  as we1 1  as marginal  
productivity o f  farmers' labor. 
Product ion systems. 
technoloqy 
c h a r a c t e r l s t l c s  
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p r o t e i n  q u a l i t y  through breeding.23 The range i n  the p r o t e i n  content  
o f  the  s a q l e s  analyzed was 4.4-21.1 percent  i n  sorghum, 5.8-20.9 p e r -  
cen t  i n  p e a r l  m i l l e t ,  10.6-31.1 percent  i n  chick-pea ( h o l e  seed). and 
13.2-26.5 percent  i n  pigeon pea. P r o t e i n  content  was h ighes t  i n  w i l d  
r e l a t i v e s  o f  ch ick-pea and pigeon pea, rang ing  from t5.6 percent  t o  
31.1 percent  and from 28.3 percent  t o  30.5 percent, r e s p e c t i v e l y .  
These pulses cou ld  be sources f o r  development o f  h i g h - p r o t e i n  
The r e s u l t s  o f  a  study us ing  the two h igh -p ro te in ,  h i g h - l y s i n e  
sorghums as parents suggested t h a t  the h i g h - l y s i n e  gene may n o t  be 
~ t a b l e . ~ s  It may vary i n  d i f f e r e n t  environments and w i t h  d i f f e r e n t  
agronomic p r a c t i c e r .  This  has l e d  t o  a  lessen ing  of emphasis on 
breed ing  f o r  h i g h - p r o t e l n  sorghum. S i m i l a r l y .  the  i n s t a b i l i t y  o f  
ch ick-pea p r o t e i n  under va ry ing  f i e l d  cond i t tons  i n  d i f f e r e n t  years 
has m a n t  l ess  progress i n  the  protein-improvement program.26 
The ana lys i s  o f  a  d i ve rse  range o f  germ plasm o f  p e a r l  m i l l e t  
revea led  the  p o s s i b i l i t y  o f  s e l e c t i n g  f o r  g rea te r  content  of p r o t e i n  
and b a s i c  amino ac ids - -o f  which l y s i n e  i s  the  m s t  impor tant - -by m n i -  
t o r i n g  t h e  l e v e l s  o f  l y s i n e  and p r o t e i n ,  r e s p e c t i v e l y ,  w i t h o u t  d e t r i -  
ment t o  g r a i n  y i e l d  o r  g r a i n  weight. Gra in  y i e l d  war not  found t o  be 
s i g n i f i c a n t l y  c o r r e l a t e d  i n  pear l  m i l l e t  t o  e i t h e r  p r o t e i n  content  o r  
b a s i c  amino acids.27 
A n t i n u t r i t i o n a l  Factors.  The l e v e l s  of var ious a n t i n u t r i t i o n a l  
f a c t o r s ,  p r i n c i p a l l y  i n  chick-pea and pigeon pea, have been studled.  
La rge  d i f f e r e n c e s  have been found among protease i n h i b i t o r s  i n  
2 J  Ramd~nurthi Jambunathan e t  a1 ., "Grain Q u a l i t y  o f  Sorghum, Pear l  
M i l l e t .  Pigeon Pea and Chickpea," paper presented a t  the Workshop 
on I n t e r f a c e s  Between A g r i c u l t u r e .  k t r i  t i o n ,  and Food Science. 
ICRISAT. Patancheru, Andhra Pradesh. Ind ia ,  November 10-12, 1981. 
2r Umald Sinah e t  a1 .. "Seed P r o t e i n  F r a c t i o n s  and Amino Acid C o m o s l -  
t i o n  o f  <om ~ i l d - s p e c i e s  o f  Pigeonpea,' Journal  of Food sc ience 
and Technology 18 (thy-June 1981): 8 3 - 8 5 ; T J .  Reddy e t  al., 
' S e e h V r o t e t n  Studies on Ca anus At l o s i a  spp. and Some Hybr id  
D e r i v a t i v e s  ." paper .resen&* t d h i F r r n a t i o n a 1  Symosium on 
- . .  
Seed P r o t e i n  lw rov&n t  i n  Cereal and Gra in  Legumes, iponsored by 
I n t e r n a t i o n a l  Atomic Energy Agency and the  Food and A g r i c u l t u r e  
Organ iza t ion  o f  the  Uni ted Ndtions, Munich, West k r m n y ,  1978. 
2 s  K. U. R i l ? y ,  ' I nher i tance  o f  Lys ine  Content and Env i ronnen ta l  
Responses o f  High and N o m l  Lys ine  L ines of Sorghum b i i o l o r  ( L )  
Uoench i n  Semi-Arid Tropics o f  I n d i a "  (Ph.0. d i s s e r t a t i o n ,  
Unf v e r s i  t y  o f  Mani toba. Canada, 1980). 
26 Umdid Singh e t  al.. "The P r o t e i n  Content of Chlckpea (C ice r  
a r i e t i n u m  1.) Grown a t  D i f f e r e n t  Locations. '  Q u a l i t d l  ~ 1 a n t a G  
P l a n t  Foods f o r  Human k t r t t i o n  32 (No. 2. 1 9 8 q :  179-184. 
C h a r a c t e r i s t i c s  and Grain Y i e l d  i n  'pearl  M i l l e t , '  Crop Science fi 
(March-Apri l 1983): 232-235. 
c u l t i v a t e d  and w i l d  species of pigeon peas.2e Considerable v r r l a t i o n  
seems t o  e x i s t  among the  chick-pea c u l t i v a r s  w i t h  respect t o  t r y p s t n  
and chyno t ryps in  i n h i b t t o r s  and amylase i n h i b i t o r s . l 9  
Polyphenol ic  conpounds. c o n w n l y  r e f e r r e d  t o  as tannins, act as 
n u t r i t i o n a l  i n h i b i t o r s  i n  coarse gra ins.  They have k e n  repor ted t o  
reduce t h e  b t o a v a i l a b i l i t y  of p r o t e i n  and o ther  n u t r i e n t s ,  but at the  
sane t i lne polyphenols. particularly i n  sorghum, have been s h w n  t o  
c o n t r i b u t e  sone degree of n s l s t a n c e  t o  o r  to lerance o f  depredation by 
b i r d s ,  preharvest  germination, and ~ i t h e r i n q . ~ 0  Polyphenols I n  ch ick -  
pea and pigeon pea i n h i b t t  the  a c t i v i t y  o f  d i g e s t i v e  enzymes. Con- 
s i d e r a b l e  d i f f e r e n c e s  u t r e  found i n  the l e v e l s  o f  these l n h t b l  t o r s  i n  
d i f f e r e n t  c u l t i v a r s  of these pulses. The l e v e l  o f  m s t  o f  these 
n u t r i t i o n  i n h i b i t o r s  i s  lw, and they are found p r i n c i p a l l y  i n  seed 
coats.  They a re  reduced o r  destroyed i n  processing and cooktng. 
E f f e c t s  on Breeding P r o g r r ~ c .  Whi le  use fu l  i n f o m t i o n  about the  
chemical conpos i t i on  o f  gra ins and a n t i n u t r i t t o n a l  fac to rs  present i n  
them i s  a v a i l a b l e  t o  breeders, i t s  use i s  very m c h  r e s t r i c t e d  because 
o f  the  v a r i a b i l i t y  and i n s t a b i l i t y  o f  some o f  the  c h a r a c t e r i s t i c s  
accord ing t o  t h e  environment and the agronomic background o f  the  
m a t e r i a l .  P r o t e i n  tmprovement and, t o  some extent .  work on food 
q u a l i t y  a re  t h e r e f o r e  conf ined t o  the c r i t e r i o n  t h a t  the  newly devel -  
oped mate r ia l ,  w h i l e  g i v i n g  l a r g e r ,  m r e  s tab le  y i e l d s ,  should not  
prove i n f e r i o r  t o  e x i s t i n g  c u l t i v a r s  i n  p r o t e i n  and food q u a l i t y - -  
e s s e n t i a l  c o n d i t i o n  f o r  the  adopt ion o f  n u  c u l t i v a r r .  Chemical 
ana lys is  a l s o  helps !n cau t ton ing  tho breeders about the poss ib le  
t o x i c i t y  o f  the  w i l d  r e l a t i v e s  o f  c u l t i v a r s  used f o r  cross ing.  
N u t r i t i o n a l  h a l i t y  and Food-Processing *thods. Recaure the f i n a l  
a v a l \ a b i l t t y  o f  n u t r i e n t s  i s  a f f e c t e d  not only  by the n u t r i e n t  content 
o f  the  g r a i n  but  a l s o  by the  m t h o d  o f  i t s  processing ho fo re  consump- 
2 e  U m t d  Singh and Ramnur th i  Jambunathan. 'Protease I n h t b l t o r s  and i n  
V i t r o  P r o t e i n  D i g e s t i b i l i t y  of PIgeonpea [Ca anus ca an (L.) M i l l  
sp.1 and I t s  M i l d  Relat ives. '  Journal  o f  o c ence and Tcchno- 
18 (NovemberSecember 1981T-- 
*
z 9  Umald Singh and R a m n u r t h i  Jambunathan, "Studies on Der i  and Kabult 
Chickpea (C ice r  a r i e t i n u n  L.) C u l t i v a r s :  Levels o f  Protease 
I n h i b i t o r s ,  l e v e l s  o f  Polyphenol tc  Conpounds, and i n  V i t r o  P r o t e i n  
D i g e s t i b t l i t y . '  Journal  o f  Food Science 46 (Stpte&er-October 
1981): 1364-1367: h i d  Sfnah e t  al.. 'Studie; on Deci and Kabul i  
~ h i c G p e a  (C ice r  .a r te t inum i.) ~u1t t ;a rs :  The Levels of Amylase 
I n h i b i t o r s ,  Levels of  m i g o  Saccharides, and t n  V t t r o  Starch 
D i g e s t i b i l i t y , M  Journal of  Food Science 47 (Mdrch-Apri l  1982): 
510-512. 
30 J. H. h l s e  e t  al., Sorghum and the  H i l l e t s :  Thei r  Cocnposition and 
N u t r i t i v e  Value (Mew YO+.: Academic Press, 1980). 
Umdtd Singh, 'The t n h i b i t i o n  of D i g e s t i v e  Enzymes by Polyphenols of 
Chickpea (C ice r  a r i e t i n u n  L.) md Pigeonpea (Ca anus ca an L . ) . '  
h t r i t i o n  Reports I n t e r n a t i o n a l  29 (March 1 9 U ) : & d -  
t i o n ,  food p rocess ing  i s  an impor tant  determinant  o f  n u t r i t i o n .  
Fur thermore,  the  p re fe rence  o f  consumers f o r  a  product  o r  i t s  q u a l i t y  
i s  y i d e d  by i t s  t a s t e  and i t s  s u i t a b i l i t y  t o  p r e f e r r e d  processing 
p r a c t i c e s .  Food q u a l i t y ,  consumer preference, and food technology are 
t h e r e f o r e  I n t e g r a l  p a r t s  of ICRISAT research i n  n u t r i t i o n .  A t  
ICRISAT. e q h a s t s  on food q u a l i t y  has r e c e n t l y  increased. and spec ia l  
a t t e n t i o n  i s  be ing  g i ven  t o  food forms and food-processing techniques, 
q u a l i t i e s  p r e f e r r e d  hy consuwrs ,  and food-processing technology. 
The e f f e c t  o f  the processinq method--soaking, m i l l i n g ,  cooking, 
and so on--on the  f i n a l  availability o f  n u t r i e n t s  and on the  reduc t ion  
o f  a n t i n u t r i t i o n a l  f a c t o r s  i s  be ing s tudied.  I n  a d d i t i o n  i n f o r m a t i o n  
i s  he tng  c o l l e c t e d  on t r a d i t i o n a l  food forms and household processing 
p r a c t i c e s  i n  var ious semia r id  t r o p i c a l  areas. Most research on house- 
h o l d  p rocess ing  p r a c t i c e s  has been focused on sorghum. ' 2  I n t e r -  
n a t i o n a l  sorghum food qua1 i t y  t r i a l s  were c a r r i e d  out  i n  c o l l a b o r a t i o n  
w i t h  va r ious  s c i e n t i s t s  i n  A f r i c a  and i n  L a t l n  America. Gra in  samples 
f rom 25 c u l t i v a r s  were evaluated f o r  food q u a l i t y  across an a r ray  o f  
foods t o  l e a r n  the  p o s s i b i l i t i e s  of  breeding sorghum w i t h  p r o p e r t i e s  
t h a t  would pe rmi t  i t s  use f o r  a l m s t  a l l  sorghum foods. Correspon- 
dence and f i e l d  e v a l u a t i o n  v i s i t s  by var ious s c i e n t i s t s  i n  Asia, 
A f r i c a .  and L a t i n  America have revealed t h a t  m s t  sorghum produced f o r  
human consumption i s  consumed i n  e i g h t  bas ic  forms. Various sorghum 
c u l t i v a r s ,  i n c l u d i n g  c, have been evaluated i n  these forms." As 
mentioned e a r l l e r ,  the work on consumer q u a l i t y  preferences through 
b o t h  market-determined indexes and consumer panels has been done by 
t h e  econonics grotlp. 
Promot ion o f  N u t r i t i o n a l  Awareness. An Important a c t i v i t y  o f  TCRISAl 
i s  promot ion o f  awareness of n u t r i t t o n  prohlems and o f  poss ib le  s o l u -  
t i o n s .  l h r o ~ i g h  p e r i o d i c  seminars and workshops i t  encourages i n t e r a c -  
t i o n  among workers i n  the  f i e l d  o f  n u t r i t i o n .  i n c l u d i n g  s c l e n t i s t s ,  
po l icymakers,  and f i e l d  workers I n  var ious p a r t s  of  the wor ld .  The 
b iochemis t ry  group takes an impor tant  p a r t  i n  such a c t i v i t i e s .  
N u t r i t i o n  and food q u a l i t y  have been i n t e g r a l  p a r t s  of the t h e m s - - i n  
some instances the s o l e  themes--of i n t e r n a t i o n a l  seminars conducted 
p e r i o d i c a l l y  hy ICRISAT. Two important ones were the In te rna t (ona1  
Symposium on Sorghum Gra in  O u l i t y ,  sponsored j o i n t l y  by USAID T i t l e  
XI1 C o l l a b o r a t i v e  Research Support Program on Sorghum and Pear l  M i l  l e t  
(INTSORMIL), ICRISAT, and the  Ind ian  Counci l  o f  A g r i c u l t u r a l  Research 
(ICAR) d u r i n g  1981, and the Workshop on In te r faces  between A g r i c u l -  
t u r e ,  H u t r i  t i o n ,  and Food Science, sponsored j o i n t l y  by ICRISAT, the 
3~ Vaidhvanathan Subramnian and Ramamurthi Jambunathan. ' T r a d i t i o n a l  
Methobs o f  Processing of Sorghum (Sor hum b l c o l o r )  anb Pear l  n i l l e t  
(Pennisetum americanun) t r a i n s  in-rts o f  the I n t e r -  
n a t l o n a l  Assoc la t ion  o f  Cereal C h e m i s t 3  10 {June 1380).  115 - 118. 
3 3  0. 5. h r t y  e t  a l . ,  Sorghum R o t l :  Genotypic and Environmental 
V a r i a t i o n s  f o r  Rot1 Q u a l i t y  Parameters, Proceedings of the  
I n t e r n a t i o n a l  Symposium an Sorghum Gra ln  f l u a l i t y  h e l d  a t  ICRISAT. 
Patancheru, Andhra Pradesh. ~ n d i a ,  October 28-31. 1981. 
Nat iona l  I n s t i t u t e  of N u t r i t i o n ,  Hyderabad, and the Un i ted  Nat ions 
U n i v e r s i t y .  Tokyo. d u r i n g  1981. Such m e t i n g s  are valuable, not on ly  
f o r  exchanging the  r e s u l t s  of past  w r k ,  bu t  a l so  as o g p o r t u n l t t e s  
f o r  c o l l e c t i v e  t h i n k i n g  on the  f u t u r e  d i r e c t i o n  o f  work n l a t i n q  t o  
n u t r i t i o n a l  issues. S m  of the research f i n d i n g s  about the n u t r i -  
t i o n a l  p r o f i l e s  of rrrandate crops are s u m r t z e d  i n  Table 9 . 2 .  
RESEARCH DIRECTED TOWARD INFLUENCING WT91110N 
Besides research f o r  t h e  purpose o f  understanding n u t r i t i o n  
problems and r e l a t e d  issues d iscussed i n  the  preceding sec t ion .  
severa l  ICRlSAT research a c t i v i t i e s  a re  desi gned t o  In f l uence  the  
n u t r i t i o n a l  p o s i t i o n  of i t s  c l i e n t s .  This  i s  done through the devel -  
opment of technologies t o  i nc rease  and s t a b i l i z e  the p roduc t ion  and 
a v a i l a b i l i t y  o f  food i n  s e n l a r i d  t r o p i c a l  areas. Two processes 
through d i c h  ICRISAT at tempts t o  i n f l u e n c e  n u t r l t i o n  s ta tus  are the 
establ ishment  of c o m d i t y  p r i o r i t l e s  o r  research p r i o r i t l e s  and the  
s p e c i f i c a t i o n  o f  des i red  changer i n  comnodity c h a r a c t e r i s t i c s .  
Comnodi t y  P r io r4  t i e s  
Comnodtty p r i o r i t i e s  were e s t a b l i s h e d  by ICRISAT as a p a r t  of i t s  
research mandate. Accord ing ly .  sorghum, p e a r l  m i l l e t ,  chick-pea. and 
p igeon pea--s taple foods o f  m s t  people i n  semiar id  t r o p i c a l  areas--  
were inc luded  i n  i t s  crop-improvement program from the  bcyinninc). 
Groundnut was added l a t e r  as the f i f t h  m n d a t e  crop of ICRl5AT. The 
e f f e c t i v e n e s s  of  research on these crops i n  i nc reas ing  a g r i c u l t u r a l  
p roduc t ion  i n  semiar td t r o p i c a l  areas 4 %  revealed by t h e i r  predomi- 
nance i n  these areas. The share o f  semia r id  t r o p i c a l  coun t r ies  I n  the 
t o t a l  area g iven t o  these crops and i n  t o t a l  wor ld  p roduc t ion  of them. 
r e s p e c t ~ v e l y ,  i s  as f o l l o w s :  sorghum, more than 80 percent  and 55 
pe rcen t ;  m i l l e t s ,  i n c l u d i n g  p e a r l  m i l l e t ,  m r e  than 50 percent and 39 
percent ;  chick-pea. more than 90 percent  and '30 percent ;  pigeon pea. 
more than 90 percent  and 96 percen t ;  groundnut, 7 7  percent and 65 
percent  .lr The share of semia r id  t r o p i c a l  coun t r ies  i n  wor ld  produc- 
t i o n  o f  these crops i s  l ess  than t h e i r  share o f  the area p lan ted  i n  
them because t h e i r  y i e l d s  are lower. The i r  average y i e l d s  range from 
about 500 k i lograms per  hec ta re  f o r  m i l l e t  t o  840 k i l o9 rdmr  per  hec- 
t a r e  f o r  sorghum.35 F u r t h e m r e ,  y i e l d s  are h i g h l y  unstable,  p r i n -  
c i p a l l y  because o f  t h e  v a r i a b i l i t y  o f  r a i n f a l l  and the  p e r i o d i c a l l y  
h i g h  inc idence o f  diseases, pests .  and insec ts .  Most o f  the  producers 
a re  poor; t h e i r  annual pe r  c a p i t a  i n c o r e  i r  less  than U.S. $100. 
Those who r e l y  on sorghum and m i l l e t  as t h e i r  s t a p l e  cereals  consume 
up t o  100 grams a day pe r  capita.36 This  d e s c r i p t i o n  app l ies  t o  48 of 
34 Ryan, g A g r i ~ ~ l t ~ r e  and Research i n  the  Semi-Arfd Tropics.' 
I 6 J .  G .  Ryan and R t t h i a s  von Oppen. "Global Product ion .and 
Demand f o r  Sorghum and M i l l e t  t o  the  Year MOO,@ paper prepared as 
a background document f o r  the CGIAR Inpac t  Study, FAO, R o n ,  1583. 
Table 9.2--Sumnary o f  ICRlSAT research d i r e c t e d  toward und t rs tand ing  
the  n u t r i t i o n a l  q u a l i t y  o f  mandate crops 
Subject  P r i n c i p a l  F ind ings 
P r o t e i n  q u a l i t y  1. H i g h - l y s i n e  gene i n  sorghun i s  too uns tab le  i n  
v a r y i n g  e n v l r o n m n t s  t o  be h e l p f u l  i n  breeding 
h i g h - p r o t e i n  sorghum (Ri  l e y  1980). 
2. P r o t e i n  con ten t  o f  c u l t i v a t e d  ch ick-pea f l u c -  
t u a t e s  accord ing t o  f i e l d  cond i t i ons ,  obs t ruc -  
t i n g  work t o  improve the p r o t e i n  q u a l i t y  (Singh 
e t  a l .  1983). 
3. Ui  I d  species o f  p igeon pea, the p r o t e i n  con ten t  
o f  which i s  h igher ,  are a  p o t e n t i a l  source f o r  
deve lap ing  h i g h  p r o t e l n  l i n e s  (Reddy e t  a1.1979). 
4. Y ie ld ,  g r a i n  weight, and p r o t e i n  con ten t  o f  
p e a r l  m i l l e t  are no t  s i g n i f i c a n t l y  co r re la ted , ,  
i n d i c a t i n g  the p o s s i b i l i t y  of breeding s lmu l -  
taneous ly  f o r  h igher  c a l o r i e  content and h igher  
q u a l i t y  p r o t e i n  (Kumar e t  a l .  1983). 
A n t i n u t r i t i o n a l  1. Greater  t r y p s i n  and chymotrypsin a c t i v i t y  was 
f a c t o r s  observed i n  w i l d  f a c t o r s  species o f  pigeon peas. 
C lea r -cu t  d i f f e r e n c e  i n  c h p t r y p s i n  i n h i b i t o r s  
*as observed between w i l d  and cultivated species 
o f  p igeon pea (Singh e t  d l .  1981). 
2. Chick-pea and p igeon pea conta ined h i g h  l e v e l  o f  
po lyphenol  i c  components, which a f f e c t e d  a c t i v i  - 
t i e s  o f  d i g e s t i v e  enzywes adversely and had 
i m p l t c a t i o n s  f o r  a s s i n i l a t i o n  of n u t r i e n t s  
(Singh 1983). 
3. V a r i a t i o n  I n  t a n n l n  content  was lruch h igher  than 
t h e  v a r i a t i o n  i n  o t h e r  c o n s t i t u e n t s  o f  18 
sorghum genotypes s t u d i e d  (Subramdnian 1983). 
Food qua1 f t y  1. Cooking q u a l i t y  o f  e a r l y  p igeon pea appeared t o  
be b e t t e r  than t h a t  o f  peas r e q u i r i n g  nedium and 
l o n g  m a t u r i t y  pe r iods  (Singh e t  a l .  1983). 
2. Sorghum nrtf: s i g n i f i c a n t  e f f e c t s  f o r  c rop  
season. year, m d  pno type-year  i n t e r a c t i o n  f o r  
g ra in .  dough, and rotl q u a l i t y  p r r r u t e r s .  
E f f e c t  o f  n u t r i ~ l o n ~ r t l l i t ~  l e v e l  on r o t 1  
q u a l l t y  was i n s i g n i f i c a n t  ( h r t y  e t  a1. 1981). 
the  49 semiar id t r o p i c a l  coun t r ies  t h a t  cou ld  be descr ibed as deve l -  
oping countr ies.  
I n  keeping w i t h  i t s  research mandate, ICRISAT has decided upon 
i t s  research p r i o r i t i e s  and t h e  a l l o c a t i o n  of i t s  resources. Table 9.3 
sunmarizes the p a t t e r n  o f  a l l o c a t i o n  o f  resources dur ing  the per iod  
1980-82. The c r o p - i n p r o v w n t  programs received about 70 percent  of 
t h e  funds, bile about 20 percent  was a l l o c a t e d  t o  research on farming 
systems and about 10 percent  t o  economics. Among the  crop-improvement 
programs, t h a t  f o r  sorghum received the  l a r g e s t  a1 l o c a t i o n  i n  d l  r e c t  
cos t  and man-years o f  s c i e n t i s t s .  Table 9.3 revea ls  f u r t h e r  t h a t  the 
cereals--sorghum and pear l  m i l l e t  tqgether .  the  s t a p l e  foods i n  semi- 
a r i d  t r o p l c a l  areas--received around h a l f  t h e  t o t a l  resources devoted 
t o  crop improvecrrnt o r  a t h i r d  o f  ICRISAT's research funds. A coo- 
par i son  of  the d i s t r i b u t i o n  of  ICRISAT's msources t o  mandate crops 
w f t h  the respec t i ve  importance o f  these crops as d e t r n l n e d  by the 
area g iven t o  them and the  value o f  t h e i r  p roduc t ion  I n  the  semiar id 
t r o p i c a l  war ld reveals c e r t a i n  imbalances. According t o  4 more 
d e t a i l e d  ana lys is  by Ryan. pulses a re  a l l o t t e d  a p r o p o r t l o n d t r l y  
l a r g e r  share of [CRISAT research resources than cereals .37 I f  the 
area devoted t o  crops r a t h e r  than the  value of p roduc t ion  i s  con- 
sidered, t h i s  i r b r l a n c e  becomes Shbrper. To a c e r t a i n  extent ,  however, 
the  e f f e c t  of t h i s  imbalance I s  reduced m c e  i t  i s  r e a l i t e d  t h a t  
na t iona l  research programs, *hi l e  devo t ing  considerable resources t o  
sorghum and m i l l e t ,  k v e  u s u a l l y  neglected pulses. I t  may a lso  b 
noted t h a t  the area s o w  w i t h  pulses and t h e  value o f  t h e i r  p roduc t ion  
a re  underreported i n  several  coun t r ies .  An important  krt subs id ia ry  
component of  t r a d i t i o n a l  i n t e r c r o p p i n g  systems, they are o f t e n  not  
f u l l y  repor ted i n  crop s t a t l s t f c s .  
Expressed i n  i t s  aggregate form and u n r e l a t e d  t o  reg iona l  d i f -  
ferences i n  the importance of these crops, the  foregoing p i c t u r e  o f  
resource a l l o c a t i o n  does not t e l l  m c h  about i t s  u n d e r l y i n g  l o g l c  i n  
r e l a t i o n  t o  the n u t r i t i o n a l  problems o f  people i n  the  semiar id t r o p i -  
c a l  areas. Increased and s t a b i  l i r e d  food product ion,  l a r g e r  incomes, 
and f u l l e r  enploynent w i l l  su re ly  h e l p  the  poor and inadequate ly  fed 
people i n  the  semiar id t r o p l c a l  areas. The semiar id t r o p i c a l  coun- 
t r i e s  are not  homogenous i n  the  d i s t r i b u t i o n  o f  f a c t o r s  t h a t  a f f e c t  
n u t r i t i o n ,  hmever.  They d i f f e r  I n  per c a p i t a  income and I t s  growth; 
I n  demographic pressures and t rends;  I n  c u r r e n t  standards of food 
consumption; i n  l e v e l s ,  s t a b i l f t y ,  md t rends  o f  crop product ion;  i n  
the  i q o r t a n c e  o f  crops t o  which research by ICRISAT i s  devoted; and 
i n  t h e  mix of  p roduc t ion  and consunpt!on. The a l l o c a t i o n  of the 
research resources o f  ICRISAT needs t h e r e f o r e  t o  be evaluated w f t h  
reference t o  these var iab les  f n  t h e  several  zones. Such m e r e r c l s e  
has k e n  attempted by von Oppen and Ryan." They d l v i d e d  the 49 semi- 
a r i d  t r o p l c a l  countr ies,  which are spread over f l v e  cont inents,  i n t o  
seven groups: Ind la ,  Eastern A f r i c a ,  Uest A f r i c a ,  Southern A f r i ca ,  
t h e  Near East, Other Asia, and b r t h ,  Centra l .  and South h r i c a .  
Through the use of data on t h e  a f o r m n t i o n e d  v r r l a b l o  and the  
j7 Ryan, ' A g r i c u l t u r e  m d  Research i n  t h e  Semi-Arid Tropics.' 
'' vOn +pen and Ryan, 'Ds temln ing  Regional Research Al  l o c a t i o n  
Priorities.' 
Table 9.3--Allocation o f  resources t o  var ious research p rog ram a t  ICRISAT. 1980-82a 
Share o f  t he  Programs I n  Resources A l l oca ted  
A1 1 Research Programs Crop-Iaproverpent Progrars Share o f  Crops i n  
Man-Years o f  Man-Years of  Semi -A r id  Trop ica l  
Research D i r e c t  S c i e n t i s t s  D i r e c t  S c i e n t i s t s  Tota l  o f  5 CropsC 
Prosrams Cost P r i n c i p a l  Others3 Cost mEArea Product ion 
Value 
(percent J 
Pear l  mi 1 l e t d  15.4 15.8 16.0 22.2 25.3 23.9 30.8 15.4 
Chick-pea and 21.7 13.0 22.9 3 . 2  28.2 32.6 13.8 18.3 
Pigeon pea 
Groundnut 12 6 11.8 13.3 18.1 18.8 18.8 16.2 30.9 
Farn lng systems 19.7 21.0 23.9 ... ... ... ... ... 
Econmi  cs  10.7 12.9 6.1 ... ... ... ... ... 
a Prepared from budget documents. Only d i r e c t  cost o f  programs considered. 
Inc ludes support s t a f f  working I n  each program. 
C Area and product ion value ( f r m  Food and A g r i c u l t u r e  Organizat ion data) I nd i ca te  average o f  1974-78 
i n  semiar id t r o p i c a l  countr ies.  
d Also inc ludes o ther  m i l l e t s  I n  semiar id t r o ~ i c a l  count r ies  o ther  than Ind ia .  
developlent  o f  a weight ing system i n v o l v i n g  considerat ions o f  e f f i c -  
iency and q u l  ty, they developed several p r i o r (  t y  indexes f o r  these 
regions.  Sane o f  the indexes placed g rea te r  -hasis on cansidera- 
t l o n s  o f  equ i t y - - tha t  i s ,  he lp ing  f i r s t  those who s u f f e r  more because 
o f  lesser  production. consumption, poverty, demographic pressure, and 
a g r i c u l t u r a l  s tagnat ion--others gave more emphasis t o  considerat ions 
o f  e f f i c i e n c y .  Actual a l l o c a t f o n  of resources t o  d i f f e r e n t  crops i n  
d l f f e r e n t  regions *as coapared w i t h  these p r i o r i , t y  indexes. Resource 
a l l o c a t i o n  suggested by one index broadly mrtc ted the actual  p a t t e r n  
o f  a l l o c a t i o n  o f  research resources t o  crops and regions by ICRlSAT. 
Thls index showed an i m p l i c i t  preference for  considerations of 
e f f i c i e n c y - - o n  the assumption t h a t  the e f fec t i veness  o f  research wi 11 
be g rea te r  i f  the regional  c o n t r i b u t i o n  o f  the  crop i s  g rea te r - -  
weighted by ad hoc equ i t y  c r i t e r i a  based oo such fac to rs  as populat ion 
and food status. ICRISAT p l a n t  breeders tend t o  support t h i s  view. 
According t o  the study, i n  the  case of sorghum t h i s  index m r e  
c l o s e l y  r e f l e c t s  the actual  a l l o c d t i o n  o f  resources by ICRISAr 
expressed i n  p r i n c i p a l - s c i e n t i s t  equivalents,  although i n  actual  terms 
Yest A f r i c a  i s  given s l i g h t l y  h igher  p r i o r i t y  and North, Centra l ,  and 
South America s l i g h t l y  lower p r i o r i t i e s  than those asslgned by the 
index. I n  the  case o f  pear l  m i l l e t ,  actual  a l l o c a t i o n  o f  resources ts  
almost exac t l y  congruent w i t h  the fnder. For pigeon pea the analys is  
shows the predominance o f  e f f i c i e n c y  c r i t e r i a  i n  the  a l l o c a t i o n  or 
research resources. Since pigeon pea i s  predominant1 y an Indian crop, 
I n d l a  accounting f o r  about 95 percent o f  the area devoted t o  i t  and of 
i t s  product ion i n  semiar id t r o p i c a l  regions, e f f i c i e n c y  c r i t e r i a  
favor  t h i s  p a t t e r n  of a l l oca t ion .  On the  basis  of q u i t y  concerns. 
however, regions such as Southern A f r i ca .  Eastern A f r i c a ,  and South- 
cas t  Asia s e n  good candidates f o r  d l l o c a t l o n  of  addi t l o n a l  resources 
t o  research on pigeon peas. S i m i l a r l y ,  on an equ i t y  basis  the re  
appears t o  be an overinvestment i n  chick-pea research i n  I n d i a  and the  
Ncar East a t  present, whereas on e f f i c t e n c y  grounds there i s  not .  I t  
would seem t h a t  there i s  r m  case f o r  a l l o t t i n g  a d d i t i o n a l  resources 
:o chick-pea research i n  o ther  semiar id t r o p i c a l  Asian countr tes,  
Southern A f r i ca .  and the Amcricas a t  the  cost  o f  Ind ia.  A s i m i l d r  
p i c t u r e  m r g e s  w i t h  regard t o  groundnut. Only q u i t y  c r i t e r i a  
suggest t h a t  there I s  an overinvestment i n  g rwndnut  research i n  
l n d l d ;  t h e  use of  efficiency c r i t e r l s  presents a p i c t u r e  o f  congruence 
between actual  a1 l o c a t  i o n  of resources and p r i o r 1  t y  indexer. 
4n i w o r t a n t  p o i n t  t o  be added I s  t h a t  a l l o c a t i o n  o f  resources t o  
I n d i a  by ICRISAI i s  not  d i r e c t e d  t o  Ind la  alone. Cer ta in  technologies 
and m t h o d o l o g i t s  t h a t  emanate from the ICRISAT Center i n  l n d i a  have 
s p i l l o v e r  e f f e c t s  f o r  o ther  regions. This  l s  revealed by prolonged 
work and v i s i t s  t o  other  regions by s c i e n t i s t $  based i n  Indla.  the  
t r a n s f e r  o f  l l ~ t h o d o l o g i e s  developed a t  ICRlSAT headquarters t o  Other 
outreach s t a t i o n s  through t r a i n i n g ,  and the  d i s t r i b u t i o n  o f  Seed 
m d t e r f d l  to a l l  regions. Using a l l  these cons ider r t i ons .  Swqndale 
developed a m r e  r e a l i s t i c  w t g h t i n q  system and round t h a t  the actual  
r 1 l o c a t i o n  o f  resources by ICRISAT t o  d i f f e r e n t  geographical zones 
matched q u i t e  we l l  w i t h  the  p a t t e r n  o f  resource r l l o c a t i o n  revealed by 
t h e i r  weighting schcac.l9 
3 9  L. 0. Srindale.  'Centers Ueet Presentation.' I n t e r n a l  d o c w n t ,  
ICRfSAT, Patdncheru, Andhrd Prrdesh. India,  1983. 
Comnodi t y  Character i  s t i c s  
One way t o  understand the assignment o f  priorities t o  s p e c i f i c  
c rop  c h a r a c t e r i s t i c s  i s  t o  examine the  o b j e c t i v e s  o f  research p r o j -  
e c t s .  An ana lys i s  of the  o b j e c t i v e s  of I C R I S A T  research p r o j e c t s  i s  
presented I n  Table 9.4, which shows t h e  d i s t r i b u t i o n  o f  a l l  research 
p r o j e c t s  t h a t  i n v o l v e  mandate crops under taken d u r i n g  the  p e r i o d  
1975-82 accord ing t o  t h e i r  main o b j e c t i v e s .  These p r o j e c t s  are 
grouped i n t o  four  categor ies,  which m y  i n v o l v e  some degree o f  over-  
lapping.  P ro jec ts  i n  farming-systems research, even when they invo lve  
t h e  mandate crops, are no t  inc luded.  F i n a l l y ,  a  s i g n i f f c a n t  l i m i t a -  
t i o n  o f  Table 9.4 i s  t h a t  t t  deals  w i t h  the  number o f  p r o j e c t s .  t r r e -  
spec t i ve  of t h e i r  s ize.  
Table 9 .4 - -D is t r i bu t ion  o f  ICRlSAT research p r o j e c t s  among va r ious  
crops, by p r i n c i p a l  o b j e c t i v e s ,  1915-82a 
Crop 
Pear l  Pt geon 
Research Ob jec t i ve  Sorghum Mi 1 l e t  Chick -pea Pea Groundnut 
(pe rcen t )  
Resis tance t o  y i e l d  
reducers 
Physiological 
c o n s t r a i n t s  2 1 
Dl  sease insec ts ,  and 
pest  r6 49 
Y i e l d  increase per  se 5 
Gra in  qua1 i t y  
improvement 
Nutritional q u a l i  t y  9  
Consumer preference 5 
H i  sce l  l a n e w s  
Cross- locat ion.  
adaptat ion,  etc. 11  19 42 38 2 1 
To ta l  
(Number) 
a Based on documents prepared f o r  ICRIMT In-S(ouse Review 1981. 
b Inc ludes n s e a r c h  p r o j e c t s  on s t r f g a  weed also.  
An i w o r t a n t  f i n d i n g  i s  t h a t  through i t s  research ICRlUT 
a t t m p t s  t o  improve n u t r i t i o n  m r e  by increasing the a v a i l a b i l i t y  o f  
food than by improving i t s  n u t r i t i o n a l  q u a l i t y ,  p a r t i c u l a r l y  the quan- 
t l t y  and q u a l i t y  o f  the p r o t e i n  i n  i t s  M n d d t e  crops. Accordingly ,  
n u t r i t i o n  improvcmnt.  p r i n a r i l y  tlnproveatent o f  p r o t e i n  q u a l i t y ,  
c o n s t i t u t e s  the  p r i n c i p a l  o b j e c t i v e  o f  on ly  8-10 percent  o f  the 
research p r o j e c t s  on var ious laandate crops. Thls p r o p o r t i o n  decl  i nes  
f u r t h e r  *en the p r o j e c t s  undertaken before 1979 a re  excluded. Ouring 
t h a t  per iod,  inc reas ing  the p r o t e i n  content and- Inproving i t s  q u a l i t y  
e r e  important  considerat ions,  p a r t i c u l a r l y  i n  the  case of sorghum. 
The gradual change took p lace f o l l o w i n g  the Increased unphasis on the 
need f o r  breeding f o r  h i g h  y i e l d s  r a t h e r  t h r n  f o r  h igh  p r o t e i n  con- 
t e n t  and the  r e a l i z a t i o n  by breeders o f  the  i n s t a b i l i t y  o f  the p ro -  
te in-promot ing gene i n  d i f f e r e n t  environments and w l t h  d i f f e r e n t  
agronomic p rac t i ces .  4 0  I n  a l l  mandate crops o ther  than p e a r l  m i l l e t ,  
p r o t e i n  improvement has a low p r i o r i t y ;  i n  pear l  m i l l e t  i t  i s  s t i l l  
emphasized because there  i s  no s i g n i f i c a n t  t rade-o f f  between research 
f o r  y i e l d  improvement and t h a t  f o r  p r o t e i n  improvement. 4 1  I n  a l l  
crops the  i n g o r t a n t  cons idera t ion  i s  t h a t  p r o t e i n  l e v e l s  i n  newly 
developed m a t e r i a l s  should not  be l w e r  than those i n  the  e x i s t i n g  
c u l t i v a r s .  
Of l a t e ,  emphasis has s low ly  s h i f t e d  sinwrltaneously t o  develop- 
ment o f  the  q u a l i t i e s  p re fe r red  by consumers i n  g ra ins  because i t  i s  
these q u a l i t i e s ,  r a t h e r  than n u t r i t i o n a l  q u a l i t y ,  t h a t  determine the  
acceptance of new m a t e r i a l  by farmers. The p ropor t ion  o f  p r o j e c t s  
w l t h  such objectives, however, h a r d l y  exceeds 5 percent  of t o t a l  
research p r o j e c t s  on any of the  crops. 
Another f a c t  revealed i n  Table 9.4 i s  t h a t  development of r e s i s -  
tance t o  b i o t i c  and a b i o t i c  hazards c o n s t i t u t e s  a p r imary  goal of a 
I a r  e p r o p o r t i o n  o f  the crop-improvement research p r o j e c t s  of ICRISAT. 
~ u i l d i n g  res is tance  t o  diseases and insec t  pests on the one hand and 
t o  phys ica l  c o n s t r a i n t s  such as drought, lw f e r t i l i t y ,  s a l i n i t y ,  and 
water logging on the  o ther  i s  attempted. The e f f e c t  o f  some o f  the 
p r i n c i p a l  y i e l d  reducers i s  revealed by the f o l l w i n g  broad e s t l a a t e s  
W~de by ICRISAT s c i e n t i s t s  through surveys and f i e l d  assessments. r 2  
I n  the  case of p e a r l  m i l l e t ,  domy mildew and e rgo t  diseases cause 
losses i n  I n d i a  of about U.S. $20 m l l l l o n  4 year, otlmttd i n  1982 
p r i ces .  Y l l t  and s t e r i l i t y  m s a i c  i n  pigeon pea cause annual losses 
of about $38 m i l l i o n  and $66 a i l l f o n ,  respec t i ve ly ,  i n  I n d i a  md 
A f r i c a  together .  Leaf spot and r u s t  i n  rainy-season groundnut reduce 
the  y i e l d s  by h a l f ,  causing a loss o f  about $53.3 m i l l l o n  a year. 
Gra in  m l d s  t h a t  s u b s t a n t i a l l y  reduce the  g r a i n  p r i c e  o f  sorghulr cause 
a loss of about $45 m i l l i o n  I n  Ind ia .  Annual losses t o  chick-pea and 
p i g t o n  Pea growers i n  I n d i a  caused by the pod bore r  ( H e l i o t h i s  
armiqera) a r e  est imated a t  SMO m i l l i o n .  Other diseases such as 
'3 R i l e y ,  . Inher i tance o f  L y r i n e  Content,' 
K-r a t  al., ' N u t r i t i o n a l  Q u a l i t y  Characters and Graln i i e l d  i n  
P e a r l  Mil let:  
'' ICRISAT. Challenge and Response. 1972-82 (Patmcheru, r h d h r r  
Prrdesh, Ind ia :  I-). 
